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ODbjectives

AProvide sediment size classification information
for future Pollutant Loading Assessment (PLA)

modeling.
AEvaluate the importance of different pathways.

APreliminarilyprioritize modeling
parameters/processes.



Methods

AScaling analysis
AMathematical analysis

AMass Balance Model

ABox model (Four compartments)
ASensitivity analysis

AEFDC model (King County, 2005)



Sensitivity Analysis Model
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A Sediment Bed hickness




Topics

ASediment classification
AScaling analysis
A Sensitivity analysis

APathway evaluation
AMassbalancemodel
A Sensitivityanalysis

AModel Parameters
A Sensitivity analysis



Highlights of results

U Three sediment classification (2 cohesive + 1
noncohesive) Is recommended.

U Under existing condition, the sediment is the
largest PCBs source to the water column. After
the cleanup (PCBs = 2ppb), both lateral and
green river will be significant sources.

U The PCBs In the water column Is most sensitive
to the modeling parameters that describe the
pollutant transportation from sediment to water.



Sedimentclassificatiorny Scaling
analysis method

AScaling Analysis

Als an analytical method that allows one to determine
what parts of an equati on
(model results) for certain geophysical and
geochemical conditions.



Sedimentclassificatiorny Scaling
analysis method

AScaling Sorbed Chemical Deposition

A Scalers that determine total chemical mass loss
from settling solids.

Term describes
Term describes physical and

physical geochemical
characteristics of characteristics of

the waterbody. the sediment
type.




Sedimentclassificatiory Scaling
analysis method Low affinity for
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Sedimentclassificatiory Scaling
analysis results

Three Sediment Classes: Baseline Five Sediment Classes: Scenario 4

Percent of PCB mass
contributed to sediment 5.3% 7.2% 0.0% 2.8% 2.8%
bed by class

Percent of Total PCB
mass contributed to
sediment bed

Percent change in mass fluxed into sediment bed
Percent change in PCB mass in water column -3.44%




Sedimentclassificatiory Scaling
analysis results

Aln the LDW, the water column PCB chemical mass
Is partitioned primarily into the dissolved phase
under most conditions (TSS < 50 mg/l).

Alncreasing the number of sediment classes
Increased the mass and characteristic settling
velocity, which increased the chemical flux into the
sediment bed.

AA small decrease is expected in the total PCB
concentration in the water column.



Sediment classificatiog Sensitivity
analysis method

A King County EFDC has 3 classes
A QEA Sediment Transport Model (STM) has 4 classes
A 360-Day (Day 0 i 360) cold-started EFDC runs

Sediment Size Classification

Baseline
(2+1)
Scenario 1
(1+1)
Scenario 2
(3+1)

Scenario 3
(2+2)

Scenario 4
(3+2)

Silt
(<4 pm)
1.0x1019m/s

Clay
(< 4pm)
1.0x1019m/s

Clay
(<4 pm)
1.0x1019m/s

Clay
(<4 um)
1.0x101%m/s

Silt
(4-63 pm)
2.0x104m/s

Clay and silt
(< 63 um)
1.0x104m/s

Fine/Medium Silt
(4-20 pm) (20-63 um)
1.0x104m/s 3.0x104m/s

Silt
(4-63 pm)
2.0x104m/s
Fine/Medium Silt
(4-20 pm)
1.0x104m/s

Coarse Silt

Coarse Silt
(20-63 pm)
3.0x104m/s

Sand
(63-500 pm)
0.04m/s

Sand
(63-500 um)
0.04m/s

Sand
(63-500 pm)
0.04m/s

Medium Sand
(250-500 pm)
0.05 m/s

Medium Sand
(250-500 pm)
0.05 m/s

Fine Sand
(63-250 um)
0.03 m/s

Fine Sand
(63-250 pm)
0.03 m/s




Sediment classificatiog Sensitivity
analysis results

Change in PCBs concentration compared to
baseline scenario (2 cohesive H#ioncohesive

PCBsin Deposited Particulate PCBsin
Water Column | Cohesive Masg PCBs Conc. | Sediment Bed

Scenarid
(1 cohesive +
1 noncohesive)

Scenarid®
(3 cohesive +
1 noncohesive)

Scenari@
(2 cohesive +
2 noncohesive)

Scenaria}
(3 cohesive +
2 noncohesive)

- Based on modeling result at Day60



Sediment classificatiog Sensitivity
analysis results

A Reducing the number of cohesive sediment from 2 to 1 will change
the output significantly.

A Using more than three sediment classifications did not significantly
Improve the model performance.

A ~7% changein the PCBs concentration in water column.
A ~1% changein the PCBs concentration in surface sediment bed.

A More sediment classes means additional model uncertainties and
require additional data support and longer computational time.

Three sediment classification is recommended for
future PLA modeling unless more data for a specific
class is available.




Sediment Classification

Q&A



Pathway evaluatiory Mass
Balance Model Method

AMass Balance Model

AA simple four
compartment model
that describes the
Lower Duwamish
Estuary.

AThe four
compartments were
based on the four
reaches used In the
LDW Food Web
Model.




Pathway evaluatiory Mass Balance

Model Method
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Pathway evaluatiory Mass Balance
Model Method

ABox Concentrations

A Concentrations for each box are characterized by
the pathway concentration and the fraction of
contributing pathway flow into the box.



Pathway evaluatiory Mass Balance
Model Method

AMass Balance Model
A Quantified pathways

A Q_, Laterals (Municipal Stormwater, CSOs, and Streams)
A Qg, Green River
A Qg, Entrainment
A Qgg, Elliott Bay
AUnquantified pathway
A Qgp, Sediment

AValues for the quantified pathways were obtained
from existing sources.



Pathway evaluatiory Mass Balance
Model Method

AValues for the quantified pathways were obtained from
existing sources.

A Nairn, Bruce, 2009. EFDC Calibration Process for Predicting PCB
water concentrations in Lower Duwamish.

A Narin, Bruce,2007. CSO data provided to LDWG

A King County TM 750: Sediment Deposition and Contamination
Potential from Treated CSO Discharges

A Seattle Public Utilities, 2007. Lower Duwamistaterwaterway:
Lateral Load Analysis f&tormwaterand CityOwned CSOs.

A Ecology, 2015. S 96th Street and Hamm Creek Sediment Trap and
Creek Sampling Data Report.

A USGS, 1972. Determination of Mass Balance and Entrainment in
the Stratified Duwamish River Estuary: Paper 1873

A USGS, 2018. Suspend&kdiment Transport from the Green
Duwamish River to the Lower Duwamish Waterway, Seattle,
Washington, 201317: File Report 20%8029

A Ecology'd_eido'sdatabase (extent of Duwamish PCB data used for
this effort).



Pathway evaluatiory Mass

APorewater flow velocity
calibrated to PCB data at
sites LTKEO3 and
LTUMOS.

AUsed flow weighted PCB
concentration in surface
layer and at Green River
boundary (TGS1) and the
corresponding average
flow.



Pathway evaluatiory Mass
Balance Model Method

ACalibrated porewater flow
was 5x1028 m/s.

PCB (gL
TGS1 2880 - 38
1615 - 308

LTUMO3
37 - 132
1814 215




Pathway evaluatiory Mass
Balance Model Results

Existing Conditions and Percent Influence by Flow
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Pathway evaluatiory Mass
Balance Model Results

Existing Conditions and Percent Influence by Concentration
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Pathway evaluatiory Mass
Balance Model Results

Sediments at 2 ug/Kg and Percent Influence by Concentration
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Pathway evaluatiory Sensitivity
analysis

Water Age

Water Age (T), Residence TimeT), Two water parcels move from
and Transit Time () of a water parcel  the entrance of the domain to
(Li, 2010) Location A through Path P1

and Path P2, respectively



Pathway evaluatiory Sensitivity
analysis

Existing model condition
(Day 360 A 400, with two animations in the next slide)

Water Column

Averaged LDW Water Age Averaged LDW PCBs Concentration in Water Column
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Pathway evaluatiory Sensitivity
anaIySiS Existing model Water Column
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Pathway evaluatiory Sensitivity
analysis Method

Upstream Scenarios:

Adischarge (-/+50%)

Acohesive sediment concentration (-/+50%)
APCBs concentration (-/+50%)

Asteady-state flow scenarios
U average, 90th and 10th percentile discharge

Open boundary Scenarios:

A steady-state flow scenarios
U median, 90th and 10th percentile water surface elevation



Upstream DischargeWater Age



